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Objective: To assess the prevalence of anterior cruciate ligament (ACL) mucoid degeneration in patients
referred for routine knee magnetic resonance (MR) imaging, and its association with age and structural
joint damage.
Method: Four independent radiologists assessed 413 consecutive knee MR examinations for the presence
of a normal or ruptured ACL, or ACL mucoid degeneration. Knees with ACL mucoid degeneration were
frequency matched by age, sex, and MR ﬁeld strength with consecutive control knees with a normal ACL
(1:2 ratio). Differences in meniscal and cartilage damage of the tibiofemoral compartments, as deter-
mined by the Whole-Organ MR Imaging Score (WORMS) system, were compared by ManneWhitney U
tests. Multivariable logistic regression analysis identiﬁed the association of ACL mucoid degeneration
with severe MTFC cartilage damage (WORMS5).
Results: Patients with ACL mucoid degeneration (n ¼ 36; 36% males; median age 55.5 years, range: 26
e81) were older than patients with a normal (P < 0.001) or ruptured ACL (P < 0.001), without sex
predilection (P ¼ 0.76), and were more frequently diagnosed at 3 T (12%) compared to 1.5 T (2%). Knees
with ACL mucoid degeneration had statistically signiﬁcantly more medial meniscal (P < 0.001) and
central and posterior medial tibiofemoral compartment (MTFC) cartilage (P < 0.001) damage compared
with control knees (n ¼ 72), but there were no differences in patients 50 years (P ¼ 0.09 and 0.32,
respectively). In multivariable logistic regression, severe MTFC cartilage damage (WORMS5) was
signiﬁcantly associated with ACL mucoid degeneration (odds ratio 4.09, 95% conﬁdence interval 1.29
e12.94, P ¼ 0.016).
Conclusion: There is a strong association between ACL mucoid degeneration and cartilage damage in the
central and posterior MTFC, especially in patients >50 years.
© 2015 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Anterior cruciate ligament (ACL) mucoid degeneration was ﬁrst
described by Kumar et al.1 in 1999. Histologically, it is characterized
by degradation of collagen ﬁbers and deposition of new glycos-
aminoglycans2. Using magnetic resonance (MR) imaging, ACL
mucoid degeneration is deﬁned as a thickened ACL with increased. Demehri, Russell H. Morgan
ns Hopkins University School
MD 21287, United States. Tel:
ehri).
ternational. Published by Elsevier Lsignal intensity on all MR pulse sequences, with discrete ﬁbers
easily distinguished on fat-saturated T2-weighted or fat-saturated
proton-density (PD)-weighted images but poorly differentiated
on T1-weighted or non-fat-saturated PD-weighted images3e11.
Despite several reports on the imaging appearance of ACL mucoid
degeneration, it is still a poorly understood entity in terms of its
prevalence, etiology, and association with other structural damage
in the knee joint. ACL mucoid degeneration may be a precursor of
knee osteoarthritis (OA) but it could also be part of a general
degenerative process of the knee11,12. Since its initial description
using MR imaging1, it was suggested that this condition is probably
underdiagnosed13. Indeed, a study by Hovis et al.14 in elderly pa-
tients with symptomatic OA from the Osteoarthritis Initiativetd. All rights reserved.
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ACL mucoid degeneration diagnosed at 3 T MR imaging14. To our
knowledge, however, there are no data on the prevalence of ACL
mucoid degeneration in patients undergoing routine knee MR
examinations.
The link between ACL insufﬁciency and medial tibiofemoral
compartment (MTFC) cartilage damage has been clearly establish-
ed15e31. In a recent study, a group of knee MR examinations with a
combination of various ACL abnormalities, including complete and
partial tears and mucoid degeneration, demonstrated a higher
prevalence of MTFC meniscal and cartilage damage compared to
knee MR examinations with a normal ACL14. However, no prior
study was speciﬁcally performed to assess the association of ACL
mucoid degeneration with meniscal and cartilage damage. Thus,
the purpose of the present study was to assess the prevalence of
ACL mucoid degeneration in a population of patients referred for
routine knee MRI, and its association with age and structural joint
damage.
Method
Subjects
Institutional review board approval was obtained and patients'
consents were waived for this HIPAA-compliant, retrospective
study. Initially, four hundred and seventy-one consecutive kneeMR
examinations between July 2010 and February 2014were identiﬁed
by a search in our institution's database. All patients were referred
by one of the many attending orthopedic surgeons from our hos-
pital to evaluate for internal joint derangement. Postoperative knee
MR examinations (n ¼ 45; including meniscectomy [n ¼ 21], ACL
reconstruction [n ¼ 10], cartilage repair [n ¼ 4], surgery for patellar
maltracking [n ¼ 4], arthroscopy with foreign body removal and/or
drainage [n ¼ 2], posterior cruciate ligament (PCL) reconstruction
[n ¼ 1], distal iliotibial band surgery [n ¼ 1], quadriceps tendon
repair [n ¼ 1], and traumatic right knee arthrotomy [n ¼ 1]), mul-
tiple follow-up MR examinations of the knee (n ¼ 12), and knees
with incomplete MR examination (n ¼ 1) were excluded. After
excluding the above cases, 413 knee MR examinations of 373 pa-
tients (including 40 bilateral knee MR examinations) (27% males;Fig. 1. Flowchart of ACL evaluation in the consecutive patienmedian age 46 years, range 18e86) were included in initial data
gathering (Fig. 1). Although not a speciﬁc inclusion criterion, all
included knees were symptomatic, which included the presence of
joint pain, stiffness and/or instability. The severity, frequency and
chronicity of knee pain, and the prevalence of a previous history of
knee trauma were unclear.
MR protocol
MR imaging was performed on 1.5 T (n ¼ 107; 25.9%) (Gyroscan
Intera, Philips Medical Systems) or 3 T (n ¼ 306; 74.1%) (MAGNE-
TOM Verio, Siemens Healthcare, n ¼ 213; MAGNETOM Trio,
Siemens Healthcare, n ¼ 86; MAGNETOM Skyra, Siemens Health-
care, n ¼ 5; and Signa HDxt 3 T, GE Healthcare, n ¼ 2) MR imaging
scanners. Standard knee coils were used. All MR imaging protocols
included PD-weighted images with and without fat saturation (TR/
TE, 3000-3100/27-35) in the axial, sagittal, and coronal planes. For
3 T MR imaging, the ﬁeld of view was 16 cm with a 320  320
matrix size, whereas for 1.5 T MR imaging, the ﬁeld of view was
16 cm with a 256  256 matrix size.
Assessment of the cruciate ligaments
Initially, three independent fellowship-trained musculoskeletal
radiologists (B, D, and G e authors' initials not mentioned to pre-
serve their anonymity) with 2, 1, and 4 years of experience
respectively in interpretation of musculoskeletal MR
imaging independently assessed the ACL in all knee MR examina-
tions (n¼ 413). Eachmusculoskeletal radiologist was blinded to the
initial MR reports, the ﬁndings of the other musculoskeletal radi-
ologists, and all clinical information. The ACL was assessed in the
axial, coronal and sagittal planes. The ACL was classiﬁed as either
normal, ruptured, or as having mucoid degeneration. Criteria for a
normal ACL were a ligament with low signal intensity with
continuous ﬁbers of both anteromedial and posterolateral bundles
from origin to insertion on all sequences, and a course parallel to
the intercondylar line of Blumensaat32e34. Criteria for a rupture of
the ACL included were disruption of one or both ACL bundles,
failure of the ACL bundles to parallel the intercondylar line of
Blumensaat, and nonvisualization of one or both bundles of the ACLt population who underwent routine knee MR imaging.
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included a thickened ACL with increased signal intensity on all MR
pulse sequences, with its anteromedial and posterolateral bundles
easily distinguished on fat-saturated PD-weighted images but
poorly differentiated on PD-weighted images. Both bundles of the
ACL had to be identiﬁed as intact from origin to insertion to exclude
the possibility of a partial tear and secondary signs of a tear were
absent3e11 (Fig. 3). All discrepant cases were reviewed by a senior
musculoskeletal radiologist (E, 12 years of experience), who was
aware that there was a discrepancy but unaware of the initial
assessment of the above three observers. A ﬁnal determination of
the ACL status (i.e., normal, tear, or mucoid degeneration) was
made only if therewas agreement between at least three of the four
musculoskeletal radiologists. The remaining kneeMR examinations
with discrepant interpretations were excluded from further
analysis.
Knees with ACL mucoid degeneration were frequency matched
to consecutive control knees with a normal ACL (caseecontrol ratio
of 1:2). Cases and controls were not individually matched. As the
patients' age and MR ﬁeld strength distribution for examinations
with ACL mucoid degeneration were skewed, the control group
with a normal ACL was selected using frequency matching35. Spe-
ciﬁcally, control knee MR examinations with a normal ACL were
consecutively recruited from July 2010 till February 2014 to match
the percentage of cases with ACL mucoid degeneration deﬁned by
10-year age groups (21e30, 31e40, 41e50, 51e60, 61e70, 71e80, or
81e90 years of age), sex, andMR ﬁeld strength (1.5 Tor 3 T). As both
the cases and control knees were symptomatic, they were already
matched for the presence of symptoms.
Assessment of meniscal and cartilage damage (cases vs controls)
One independent fellowship trainedmusculoskeletal radiologist
(C, 2 years of experience) who was blinded to the study title and
purpose, all clinical data, and the ﬁndings of the other musculo-
skeletal radiologists assessed the menisci and cartilage of the
medial (MTFC) and lateral (LTFC) tibiofemoral compartments of all
cases and frequency matched control knee MR examinations,
which were randomly anonymized. The Whole-Organ MR Imaging
Score (WORMS) method36 was used for grading the meniscal and
cartilage damage. The anterior horn, body and posterior horn of the
medial and lateral menisci were each graded from0 to 4: 0¼ intact;
1 ¼ minor radial tear or parrot-beak tear; 2 ¼ nondisplaced tear;
3 ¼ displaced tear; 4 ¼ complete maceration/destruction36. A cu-
mulative grade for each meniscus was then determined, using aFig. 2. ACL rupture. Axial (A) and coronal (B) fat-saturated PD-weighted images demonstrat
their attachment site to the lateral femoral epicondyle, consistent with ACL rupture (arrowconversion algorithm. This algorithmwas needed in order to adjust
for nonlinearity among the regional grades, which could lead to
inconsistencies if the grades were simply summed. For example, if a
meniscus had a grade-2 tear in the body and posterior horn, simply
summing these regional grades would yield the same total score (4)
as for a meniscus that was completely missing its posterior horn,
even though the latter abnormality would be a far greater biome-
chanical insult to the knee. The corresponding scores derived with
the conversion algorithm, however, would be three and ﬁve,
respectively36. Cartilage in the MTFC and LTFC was scored in ﬁve
subregions (central and posterior femur; anterior, central and
posterior tibia) using an eight-point scale: 0 ¼ normal thickness
and signal intensity; 1 ¼ normal thickness but increased signal on
ﬂuid-sensitive images; 2.0 ¼ partial thickness focal defect <1 cm in
greatest width; 2.5 ¼ full thickness focal defect <1 cm in greatest
width; 3 ¼ multiple areas of partial-thickness (grade 2.0) defects
intermixed with areas of normal thickness, or a grade 2.0 defect
wider than 1 cm but <75% of the region; 4 ¼ diffuse (75% of the
region) partial-thickness loss; 5 ¼ multiple areas of full thickness
loss (grade 2.5) or a grade 2.5 lesion wider than 1 cm but <75% of
the region; 6 ¼ diffuse (75% of the region) full-thickness loss36.
Therefore, the total cartilage damage score for each compartment
ranged from 0 (normal cartilage) to 30. Presence of severe cartilage
damage was also deﬁned as WORMS5 in any subregion.37
Statistical analysis
Statistical analyses were performed by using Statistical Package
for the Social Sciences software, version 18.0 (SPSS Inc, Chicago, IL,
USA). Cohen's kappa coefﬁcient (k) was calculated to determine
interobserver variability in assessing the ACL. Age differences be-
tween patients with knees with ACL mucoid degeneration, normal
ACL, and ruptured ACL were evaluated by one-way analysis of
variance and post-hoc analysis. Differences in prevalence of ACL
mucoid degeneration between sexes were assessed by Chi-square
tests.
Cases vs controls
Severity of meniscal (medial and lateral) and cartilage (MTFC
and LTFC) damage between knees with ACL mucoid degeneration
and consecutive age- and sex matched control knee MR examina-
tions with a normal ACL were compared byManneWhitney U tests.
ManneWhitney U tests were used because the data were non-
normally distributed. The body mass indices (BMIs) of the cases
and controls were determined using patients' electronic charts ande disruption of both the anteromedial and posterolateral bundle of the ACL adjacent to
s point to ACL rupture site).
Fig. 3. ACL mucoid degeneration. Axial PD-weighted (A), axial fat-saturated PD-weighted (B), and coronal PD-weighted (C) images demonstrate an intact but diffusely thickened
ACL which has intermediate signal intensity (arrows point to ACL).
Fig. 4. Distribution of the 36 knees with ACL mucoid degeneration according to age
group, sex, and ﬁeld strength of the knee MR examination.
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tiple comparisons, a Bonferroni correction was applied. Bonferroni
correction divides the P value of signiﬁcance by the number of
comparisons and addresses all multiplicity issues. Multivariable
logistic regression analysis was performed on case and control knee
MR examinations to assess whether severe cartilage damage
(WORMS5) was associated with the presence of ACL mucoid
degeneration, after adjustment for the covariates age, sex and BMI.
Since bilateral knees from a number of patients were included
among our ﬁnally analyzed samples, we used a Generalized Esti-
mating Equations (GEE) model to conﬁrm our results while ac-
counting for the possible correlations that may exist. The generated
GEE model included the same covariates and followed a logit
function.
Results
Interobserver agreement
Agreements between the three musculoskeletal radiologists (B,
D, and G) for the assessment of the ACL were good (k's between
each pair of observers of 0.73, 0.76, and 0.86). Of the initial four
hundred and thirteen knee MR examinations, there was disagree-
ment between the initial three observers in forty ﬁve MR exami-
nations, which were further assessed by the fourth senior
musculoskeletal radiologist (E). Subsequently, 23 knee MR exami-
nations were excluded as there was no agreement between at least
three of the four musculoskeletal radiologists (B, D, E, and G). Four
(17%) of the 23 indeterminate scans were performed at 1.5 T and 19
(83%) were performed at 3 T. There were no speciﬁc image quality
factors such as artifacts or incomplete sequences that contributed
to the indeterminate status of the 23 MR examinations. Finally, 390
knee MR examinations were included in further analysis (Fig. 1).
Prevalence of ACL mucoid degeneration
There were 36 knees with ACL mucoid degeneration (9.2% of
390 knee MR examinations) (Fig. 4), 321 knees with a normal ACL
and PCL (82.3%), 29 knees with an ACL tear and normal PCL (7.4%),
three kneeswith both ACL and PCL tears (0.8%), and one kneewith a
PCL tear but normal ACL (0.3%) (Fig. 1). Patients with ACL mucoid
degeneration (median age of 55.5 years, range 26e81) were sta-
tistically signiﬁcantly older than patients with a normal ACL (me-
dian age of 45.0 years, range 18e86) and patients with a ruptured
ACL (median age of 34.5 years, range 20e60) (P< 0.001). Prevalence
of ACL mucoid degeneration did not differ between men andwomen (P ¼ 0.76). ACL mucoid degeneration was more frequently
diagnosed at MR examinations using magnet strength of 3 T
(n ¼ 34, 12%) compared to 1.5 T (n ¼ 2, 2%).
ACL mucoid degeneration and associated structural knee damage
(cases vs controls)
There were 36 knees with ACL mucoid degeneration of 33 pa-
tients (median age 55.5 years, range 26e81; 36% males), which
were matched with 72 knees with a normal ACL of 67 control pa-
tients. The recorded BMIs were not different between cases (me-
dian, 32.9; 95% conﬁdence interval [CI]: 30.5, 37.3) and controls
(median, 28.9; 95% CI: 28.7, 33.0) (P ¼ 0.123). Knees with ACL
mucoid degeneration had more medial meniscal (median
WORMS ¼ 3; 95% CI: 2.4, 3.7 vs median WORMS ¼ 1; 95% CI: 1.2,
2.1; P < 0.001) and MTFC cartilage (median WORMS ¼ 12; 95% CI:
10.5, 16.9 vs median WORMS ¼ 2; 95% CI: 3.8, 7.3; P < 0.0001)
damage compared to control knees with a normal ACL. Damage to
the body and posterior horn of the medial meniscus, and MTFC
cartilage damage in all subregions except the anterior tibia were
statistically signiﬁcantly higher in knees with ACL mucoid degen-
eration (All P's < 0.001) (Table I).
In a further subanalysis, at an age cut-off of 50 years or younger,
medial meniscal and MTFC cartilage damage in knees with ACL
mucoid degeneration (n ¼ 13) were not statistically signiﬁcantly
Table I
Differences in WORMS of menisci and cartilage between knees with ACL mucoid degeneration and consecutive control knees with a normal ACL
Knees with ACL mucoid degeneration (n ¼ 36) Controls knees with a normal ACL (n ¼ 72) P-value*
WORMS medial meniscus
- Anterior horn 0 (0.1, 0.6) 0 (0.1, 0.4) 0.41
- Body 2 (1.5, 2.5) 0 (0.7, 1.4) <0.001*
- Posterior horn 2 (1.5, 2.5) 0 (0.6, 1.2) <0.0001*
WORMS lateral meniscus
- Anterior horn 0 (0.1, 0.9) 0 (0.0, 0.3) 0.15
- Body 0 (0.2, 0.8) 0 (0.1, 0.4) 0.22
- Posterior horn 0 (0.0, 0.5) 0 (0.0, 0.2) 0.16
WORMS MTFC
- Central femur 4 (3.0, 4.3) 1 9 (1.2, 2.1) <0.0001*
- Posterior femur 2 (1.7, 3.0) 0 (0.6, 1.4) <0.0001*
- Anterior tibia 1 (1.3, 2.9) 0 (0.4, 1.2) 0.006
- Central tibia 4 (2.3, 3.8) 1 (0.8, 1.7) <0.0001*
- Posterior tibia 4 (1.8, 3.3) 0 (0.7, 1.6) <0.001*
WORMS score LTFC
- Central femur 1 (0.9, 2.2) 0 (0.3, 0.8) 0.006
- Posterior femur 1 (1.1, 2.2) 0 (0.3, 0.9) 0.003
- Anterior tibia 0 (0.2, 1.2) 0 (0.0, 0.4) 0.10
- Central tibia 1 (0.8, 1.9) 0 (0.6, 1.1) 0.08
- Posterior tibia 0.5 (0.7, 1.8) 0 (0.5, 1.0) 0.10
Note: data are medians, with 95% conﬁdence intervals in parentheses.
*A P-value <0.003 (0.05/16) was considered statistically signiﬁcant after Bonferroni correction for multiple (n ¼ 16) tests.
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CI: 1.0, 3.6 vs median WORMS ¼ 0; 95% CI: 0.6, 1.9; P ¼ 0.09; and
median WORMS ¼ 5; 95% CI: 2.6, 10.5 vs median WORMS ¼ 2; 95%
CI: 2.1, 6.9; P ¼ 0.32, respectively). For patients older than 50 years,
medial meniscal and MTFC cartilage damage in knees with ACL
mucoid degeneration (n¼ 23) were statistically signiﬁcantly higher
than in the control group (n¼ 46) (medianWORMS¼ 4; 95% CI: 2.8,
4.2 vs median WORMS ¼ 1; 95% CI: 1.3, 2.5; P ¼ 0.002; and median
WORMS ¼ 18; 95% CI: 14.1, 21.3 vs median WORMS ¼ 2.5; 95% CI:
3.7, 8.7; P < 0.001, respectively). Multivariable logistic regression
analysis showed that, after adjustment for covariates, presence of
severe MTFC cartilage damage (WORMS5) (OR: 4.09; 95% CI: 1.29,
12.94; P ¼ 0.016) was associated with the presence of ACL mucoid
degeneration. This association was conﬁrmed in signiﬁcance and
magnitude using a GEE model (OR: 4.09; 95% CI: 1.20, 13.96;
P ¼ 0.024).
Discussion
In our retrospective caseecontrol study, the prevalence of ACL
mucoid degeneration was 9.2% in consecutive subjects undergoing
routine knee MR imaging for evaluation of knee symptoms. Pa-
tients with ACLmucoid degenerationwere older than patients with
a normal or those with a ruptured ACL, without statistically sig-
niﬁcant sex difference. Knees with ACL mucoid degeneration have
statistically signiﬁcantly more medial meniscal injuries and carti-
lage damage involving the central and posterior MTFC compared to
control knees with a normal ACL frequency matched for age, sex
and MR ﬁeld strength. However, when we included only patients
aged 50 years or younger in the analysis, we found no statistically
signiﬁcant difference in the extent of medial meniscus or MTFC
cartilage damage between cases and controls.
The prevalence of ACL mucoid degeneration has been variably
reported in the literature. Using 1.5 T MR imaging, ACL mucoid
degeneration was initially reported to occur in less than 2% of knee
MR examinations6. Subsequently, in a random sample of elderly
patients with knee OA symptoms and radiographic tibiofemoral
OA, Hovis et al.14 identiﬁed ACL mucoid degeneration in 9% at 3 T
MR imaging. These results also conﬁrm that the prevalence of ACL
mucoid degeneration at MR imaging is more common than initially
thought6. Although we did not perform a direct comparison, ACLmucoid degenerationwas more frequently diagnosed at 3 T than at
1.5 T MR ﬁeld strength. Recently, Hasegawa et al.2 reported ACL
mucoid degeneration to be present in even as much as 62% of ca-
davers using histological analysis, which suggests that many cases
of ACL mucoid degeneration may be undetectable even by MR ex-
aminations using a higher magnetic ﬁeld strength acquisition.
Our study demonstrates that MTFC cartilage damage is strongly
associated with ACL mucoid degeneration. A retrospective study11
reviewed the arthroscopic ﬁndings of 102 knees with ACL mucoid
degeneration and demonstrated that meniscal tears were common
and more frequently detected in the medial meniscus compared to
the lateral meniscus (66.7% vs 5.8%, respectively). The lack of a
control group precluded this study11 from investigating the asso-
ciation between ACL mucoid degeneration and structural damage
in the knee joint. It is well known that ACL insufﬁciency is a major
risk factor for development and progression of knee cartilage
damage26,27,29e31. ACL insufﬁciency results in altered knee kine-
matics, of which the most clinically signiﬁcant change is the
increased anterior tibial translation28. This causes shearing forces
mainly on the medial side of the knee and wedging of the posterior
horn of the medial meniscus between the central and posterior
tibia and the opposing medial femoral condyle. Subsequently, this
can result in medial meniscal and MTFC cartilage damage, which is
more common in the posterior half of the medial tibial plateau38,39.
In contrast, in knees with a normal ACL andMTFC cartilage damage,
there is more severe cartilage damage in the anterior half of the
medial tibial plateau38,39. Using Bonferroni correction, we have also
shown that in knees with ACL mucoid degeneration, cartilage
damage at the central and posterior medial tibial plateau is statis-
tically signiﬁcantly more severe when compared to the control
knee MR examinations with a normal ACL. This pattern of cartilage
damage, with relative sparing of the anterior tibial plateau, sug-
gests that patients with ACL mucoid degeneration should be care-
fully examined for ACL insufﬁciency.
In further subanalysis, we found that cartilage damage in the
MTFC is not different between knees with ACL mucoid degenera-
tion and a control group in patients aged 50 years or younger.
Similarly, using histology, Hasegawa et al.2 reported the presence of
ACL mucoid degeneration in four of nine young cadavers (<45
years) without associated cartilage damage. Although our study
design was retrospective, our study and also the histological study
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mucoid degeneration may precede development of MTFC cartilage
damage. Therefore, it may be particularly important to identify the
younger patients with ACL mucoid degeneration and examine
them for ACL insufﬁciency, because theymay have an increased risk
for the development of cartilage damage.
Given the known risk factors for development of MTFC cartilage
damage, obesity and age are important factors to consider. Indeed,
using multivariable logistic regression analysis, we also demon-
strated that severe MTFC cartilage damage (WORMS5) was
associated with ACL mucoid degeneration, adjusted for covariates
including age, sex and BMI.
To our knowledge, there are only a few studies which have
investigated the presence of ACL insufﬁciency during physical ex-
amination in patients with ACL mucoid degeneration. Kumar et al.1
demonstrated no ACL insufﬁciency in the ﬁrst case report on ACL
mucoid degeneration. In a more recent study11, clinical examina-
tion demonstrated mild tibiofemoral laxity in 20% of patients with
ACL mucoid degeneration. Unfortunately, we could not perform a
meaningful correlation between the presence of ACL mucoid
degeneration at MR imaging and ACL insufﬁciency at physical ex-
amination as this information was incompletely and inconsistently
recorded in the patients' electronic charts.
Our study has several limitations. First, we had no arthroscopic
and/or surgical conﬁrmation of our MR imaging ﬁndings, including
conﬁrmation of ACL mucoid degeneration and associated meniscal
and cartilage damage. Because there is overlap of imaging charac-
teristics of mucoid degeneration and partial tears of the ACL40, we
cannot rule out that a partial tear of the ACL was misdiagnosed as
mucoid degeneration and vice versa. However, we strictly adhered
to the previously described MR imaging criteria of ACL mucoid
degeneration, which have been previously reported to be accurate
using arthroscopy as reference standard1,4,5,7e11. Moreover, only
knee MR examinations in which at least three of four independent
musculoskeletal radiologists agreed on the diagnosis of the ACL
were included in the analysis to conﬁrm consistent interpretation.
However, our caseecontrol selection process may have under-
estimated the prevalence of ACL mucoid generation diagnosed
using MR imaging, as 23 knees were excluded due to lack of
agreement between radiologists. Second, the retrospective nature
of our study did not allow us to perform a direct comparison be-
tween 1.5 and 3 T. A future prospective study should assess
whether MR imaging at higher ﬁeld strength is more sensitive to
detect ACL mucoid degeneration. Third, given the retrospective
cross-sectional design of our study, despite the strong association,
we cannot establish cause and effect relationship between ACL
mucoid degeneration and cartilage damage in theMTFC.We cannot
rule out that ACL mucoid degeneration and cartilage damage are
simply part of the whole degenerative joint disease process11,12,
with no causal relationship. A longitudinal prospective study could
answer this question, but unlike acutely occurring injuries such as
posttraumatic meniscal37 or ACL ruptures, a prospective design for
a chronic and gradually developing pathology such as ACL mucoid
degeneration can be challenging as long-term follow-up is prob-
ably required. Fourth, the Bonferroni correction was used to adjust
for multiple comparisons, which is conservative, and therefore, it
may have introduced a type II error (failure to reject the null hy-
pothesis)41. Fifth, in the present study, we only included ACL
mucoid degeneration in analysis. The PCL was also assessed by the
observers for the presence of tears, because these injuries can also
cause knee insufﬁciency and cartilage damage42. Only one patient
had a PCL tear with a normal ACL; this knee was excluded for the
caseecontrol matching. It has also been shown that mucoid
degeneration can also occur in the PCL43e45. However, we did not
assess the PCL for the presence of mucoid degeneration, because itwas not the purpose of our study. In addition, no established MR
imaging-based criteria for the assessment of PCL mucoid degen-
eration have been validated with surgical and histological ﬁndings.
Sixth, as already stated above, we could not perform a meaningful
correlation between the presence of ACL mucoid degeneration at
MR imaging and ACL insufﬁciency at physical examination. There-
fore, we are planning to determine presence of ACL insufﬁciency in
patients with ACL mucoid degeneration using accurate physical
examination tests such as pivot shift tests, instrumented mea-
surements, and stress radiography in a prospectively designed
study. Seventh, although the patellofemoral joint may also be
implicated in ACL pathology46, no data were available on the
patellofemoral joint in the current study. Finally, we note that
extracting variables that confound the association between ACL
mucoid degeneration and MTFC cartilage damage does not fall
within the scope of our study. Future studies may reveal theses
confounding variables using dedicated analytic approaches
including the use of acyclic graphs.47
In conclusion, there is a strong association between ACL mucoid
degeneration and cartilage damage in the central and posterior
MTFC, especially in patients >50 years old.
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